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EXPERIMENTAL RICKETS IN RATS. 
VIII.  THE  EFFECT O~ ROENTGEN RAYS. 
BY ALFRED  F. HESS, M.D.,  LESTER J. UNGER, M.D.,  AND 
JOSEPH  M.  STEINER, M.D. 
(From lke  Departcnent of Pathology of the  College of Pkysicia~  and  Surgeons, 
Columbia University, New York.) 
PLATES 44 AND 45. 
(Received for publication, May 29, 1922.) 
In view of the fact that the rays of the sun, of the mercury vapor 
lamp, and of the carbon arc lamp are able to protect rats from rickets, 
it seemed worth while to test the protective value of soft Roentgen 
rays.  These  experiments have been briefly referred  to  in  another 
connection (1).  As far as we are aware, the only report bearing on 
this subject is that of Huldschinsky (2),  who treated a  3 year old 
rachitic child with rays from a tube having a hardness of 2.5-3 ° W., 
and observed calcification after eighteen irradiations in the course of 
2  months.  This author refers to  a  previous attempt at Roentgen 
ray therapy carried out by Winkler in 1920. 
In addition to these preventive tests, a series of rats  was  subjected 
to massive doses of Roentgen rays, with the object possibly of damag- 
ing the cells to such an extent as to lead to the development of rickets. 
l~any of the French writers, and especially Marfan (3) have held the 
opinion that changes in the bone marrow are of primary importance 
in the pathogenesis of rickets. 
Table  I  shows  the  results  of  the  protective experiments.  The 
animals were on a rickets-producing diet, except that in one experi- 
ment 25 rag. of K~HPO4 per 100 gin. of diet were added in order to 
compensate for a supposed deficiency of phosphorus in the flour, and 
bring the diet up to the standard of 86 nag. per 100 gin.  It will be 
noted that all the animals developed rickets, in spite of the irradiation, 
a result quite the contrary to that obtained when the mercury vapor 
or the carbon arc lamp was employed.  This failure came about when 
the duration of the exposure was 15 minutes, and the distance of the 
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Coolidge tube 8 inches, as well as when the period was shortened to 
2 minutes and the tube was placed at a distance of 3 feet.  A -~ inch 
spark-gap,  15  milliamperes, and  a  universal Coolidge tube without 
filtration were used.  The radiographs of the epiphyses at the knee 
joint showed the changes typical of the rickets which comes about on 
this diet.  This was true likewise of the histological sections.  The 
cartilage was wide and irregular, excess of osteoid was present,  and 
there was no evidence that the picture had been altered by the Roent- 
gen ray exposures (Figs.  1 and 2). 
A series of animals was next subjected to very large doses of Roent- 
gen rays.  For this purpose we employed a universal Coolidge tube, 
at 8 inches distance, with 3 ram. of aluminum as a filter, a spark-gap 
of 6 inches, and 5 milliamperes of current.  The exposures were for 
periods of 3 and 6 minutes.  The dietary was No. 85, which consists 
of No. 84 with 75 rag. of phosphorus per 100 gin. of diet added.  This 
diet is just sufficient to prevent the occurrence of rickets, but contains 
little phosphate in excess, so that if the intensive irradiation tended 
to produce rickets, it should be rendered evident on this diet.  In 
no  instance,  however, did  rickets  develop  (Table  II)--merely the 
osteoporosis which, in our experience, is regularly produced by Diet 
85.  Fig.  3  illustrates  the  histological  structure  of  the  rib  of  Rat 
837,  and  as  far  as  the  bony and  cartilaginous structures  are  con- 
cerned, presents the typical picture encountered on this diet.  The 
protocol of this animal is given in Table III. 
Of particular interest are the changes observed in the blood at the 
time of necropsy and the histological alteration of the bone marrow. 
There was marked anemia, a reduction of the red cells by fully one- 
half; the control rats on the same diet had 5,120,000 to 6,500,000 red 
cells per  c.mm.  whereas the  rats  treated  with  Roentgen rays had 
1,500,000  to  2,500,000  red  cells.  The  hemoglobin averaged  about 
37 per cent in contrast to 79 per cent in the control animals.  One of 
the striking features was the leucopenia which came about; the total 
number of leucocytes of the four rats was, respectively, 2,600, 2,100, 
1,000,  and  1,600  compared with an average of  about  12,000  in  the 
control rats.  The diminution was most marked in  the lymphocytes. 
This lymphopenia, following large doses of Roentgen rays, has been 
emphasized by Murphy and Morton  (4)  and  their  associates, who 450  EXPERIMENTAL  RICEETS.  VIII 
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found it to be the first change following radiation by Roentgen rays 
or by radium.  The inorganic phosphate of the blood,  4.26 to 4.36 
mg. per 100 cc., is approximately the percentage usually obtained in 
rats on this diet. 
The bones showed no rachitic changes by radiograph during life, 
or by gross or microscopic examination after death.  Fig. 3 illustrates 
the costochondral junction of Rat 837.  It will be seen that it shows 
TABLE  III. 
Protocol of Rat 837. 
IPM 
Dec. 17 
"  19 
"  23 
"  26 
"  30 
198g 
Jan.  3 
"  9 
"  13 
"  16 
"  19 
__Date"  __Welght" __Diet" 
gm. 
50  No. 85 
50 
40 
4O 
44 
54 
44 
40 
4O 
Remarks. 
3 rain. irradiation at 8 inches with filters. 
No irradiation Dec. 20 to 22, 24, and 26. 
No irradiation Jan. 1 and 2. 
Jan. 10.  Radiograph of epiphyses negative. 
Killed for necropsy. 
Inorganic P  of blood 4.60 rag. per 100 cc.  (pooled with 
Rat  836).  Hemoglobin  25  per  cent;  erythrocytes 
1,250,000;  polynuclear leucocytes  40  per  cent;  small 
mononuclears 52  pe~  cent; large mononuclears 8  per 
cent. 
none of the changes associated with  rickets;  the rows  of cartilage 
cells are not increased in number, the matrix is well calcified, and 
there is no increase in osteoid tissue.  The high power photograph 
(Fig. 4) is of especial interest.  Here we note a marked alteration of 
the marrow.  The specific marrow elements are replaced largely by 
edematous fatty tissue, containing cells resembling pale fibroblasts. 
Mitotic figures are occasionally seen in these cells.  In other words, 
there is evidence of extreme exhaustion of the marrow. 452  EXPERIMENTAL  RICKETS.  VIII 
CONCLUSION. 
Rats  on a  low phosphorus diet  cannot be  protected from the  de- 
velopment  of  rickets  by  exposures  to  soft  Roentgen  rays  such  as 
were employed in this study. 
Furthermore,  rats  on  a  diet  containing phosphate  in  an  amount 
adequate  to prevent rickets were  not rendered  rachitic by exposure 
to  massive  doses  of  Roentgen  rays  of  an  intensity  sufficient  to 
produce marked destruction of the blood-forming cells of the marrow. 
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EXPLANATION OF PLATES. 
PLATE 44. 
FIG. 1.  Rat 795.  Diet 84 plus 25 mg. of K~HPO4 per 100 gin. of diet.  21 days 
on diet.  Daily exposure to Roentgen rays (see Table I).  Rib: Marked rickets. 
There is no evidence of prevention  or healing under the influence of the Roentgen 
ray  treatment.  The greatly widened  zone  of preparatory calcification  (PrO is 
free from calcium in all portions.  There is no recent  calcium deposition  in the 
perichondral  osteoid  (Pc) or in  the  osteoid  of spongiosa  (SpO or  cortex  (Co). 
Decalcified in Mifller's fluid for 5 days.  Silver-nitrate-safranine. 
FIG. 2.  Rat 680.  21 days on Diet 84.  Daily treatment with  Roentgen rays 
(see Table I).  No curative or preventive  effect.  The rib shows the usual typical 
rickets  observed  on this  diet.  Decalcified in Mailer's fluid  for 5 days.  Silver- 
nitrate-safranine. 
P~AT~ 45. 
FIe. 3.  Rat 837.  33 days on Diet 85.  Intensive exposure  to Roentgen rays 
(see Table II).  Section of rib, low power.  The zone of preparatory calcification 
(PrO does not exceed five cells in depth.  The matrix is densely calcified.  The 
trabecul~ of the primary spongiosa  (SPO are short and irregular,  and not sur- 
rounded by well formed  osteoblasts.  The cortex  (Co) is relatively  thick,  and a 
distinct  osteoid  border  is not visible, either  about  the  cortex  or the spongiosa. 
The marrow (M) is almost depleted of blood-forming elements, being composed of 
a loose edematous  fibrous and adipose  tissue, with  congested blood vessels.  De- 
calcified in MiiUer's fluid for 5 days.  Hematoxylin-eosin. 
FIG. 4.  Rat  837.  Bone  marrow,  showing  depletion  of  blood-forming  cells. 
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